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Chapter 7
Icons in Peril: Invasive Alien Plants
in African Protected Areas
Llewellyn C. Foxcroft, Arne Witt, and Wayne D. Lotter
Abstract Protected areas in Africa are global conservation icons, attracting
millions of tourists a year. However, these areas are being threatened by a growing
human population making increasing demands on the natural capitol being con-
served. Moreover, global environmental change, of which biological invasions are a
key concern, pose significant threats to the function of ecosystems and their
constituents. Other than in a few regions, primarily in South Africa, little is
known about alien plant invasions in protected areas across the continent. In
order to present a first approximation of the threat of plant invasions to protected
areas across Africa, we present the information we could find by drawing on
published literature, grey literature and personal observations. We also present six
case studies from prominent protected areas across Kenya, Tanzania and South
Africa. These case studies aim to illustrate what is known in different regions and
the key concerns and management approaches, thereby providing examples that
may facilitate shared learning. Where information is available it suggests that some
species are likely to be widespread, impacting severely on indigenous species
diversity. If protected areas are to be successful in carrying out their mandate of
biodiversity conservation, and increasingly, revenue creation, long-term manage-
ment of invasive plants is essential. However, in developing countries, which
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characterise much of Africa, resources are severely lacking. Where funds are
available for conservation these are often channelled to other aspects of protected
area management, such as anti-poaching. Protected areas in Africa include a
number of unique attributes that can provide natural laboratories for research on
basic ecological principles of invasions, while the research can, in turn, contribute
directly to the needs of the protected area agencies.
Keywords Alien plant distribution • Biodiversity • Biological invasions •
Conservation • National Parks
7.1 Introduction
Protected areas (PAs) in Africa include some of the world’s best known, iconic
national parks. Indeed the mention of national parks in Africa conjures
romanticised images of imposing lions (Panthera leo), large herds of elephants
(Loxodonta africana), and the annual migration of over 1.5 million wildebeest
(Connochaetes taurinus) in the Serengeti – Maasai Mara ecosystem. It is unlikely
that many tourists pay much attention to the increasing pressures being placed on
the processes underpinning the functioning of these PAs and the species that depend
on them. Fewer are likely to be aware of widespread invasions that may be within or
encroaching on the PAs’ boundaries. Indeed, little appears to be known on plant
invasions in Africa’s PAs in general.
Protected areas, defined by the IUCN as “A clearly defined geographical space,
recognised, dedicated and managed, through legal or other effective means, to
achieve the long-term conservation of nature with associated ecosystem services
and cultural values” (Dudley 2008), are regarded as one of the most important
approaches for conserving biodiversity globally (Chape et al. 2005; Gaston
et al. 2008). In Africa, PAs cover about 12.2 % of the continental landmass,
equating to just less than 17 million km2 (Fig. 7.1; IUCN 2012). The percentage
of PAs relative to the entire terrestrial region of Northern Africa was about 4.0 % in
2010 (3.7 % in 2000; 3.3 % in 1990) and approximately 11.8 % in sub-Saharan
Africa that same year (11.3 % in 2000; 11.1 % in 1990). However, many PAs are
likely to be contested as being ‘paper parks’ (i.e. areas that have been proclaimed
but have little or no management, and are therefore ineffective in fulfilling their
mandate; Erwin 1991).
Most PAs, however large, are islands in a sea of differing land uses. Some forms
of neighbouring land use types are compatible to an extent, but the management
objectives of many are completely contradictory to the concept of biodiversity
conservation (Newmark 2008). These different forms of land use bring with them
different levels of associated pressures and risks. Protected areas in developing
countries are further challenged with rapid population growth, high levels of
poverty and for some, political instability (Naughton-Treves et al. 2005). Thus
today, more so than in the past, PAs are also expected to contribute directly to
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poverty reduction (Naughton-Treves et al. 2005). In many areas population expan-
sion is taking place adjacent to PAs, leading to increased levels of land degradation
and as a result increasing the demands made on these areas for access to natural
resources. Access has also opened to remote areas, driven by global demands for
oil extraction, mining and logging (Naughton-Treves et al. 2005), while locally,
Fig. 7.1 Protected areas in Africa, according to the World Database of Protected Areas (IUCN
and UNEP-WCMC 2012). In Africa, protected areas cover about 12.2 % of the continental
landmass, equating to just less than 17 million km2. Some of these protected areas are likely
however to be contested as ‘paper parks’ (i.e. areas that have been proclaimed but have little or no
management, and are therefore ineffective in fulfilling their mandate; Erwin 1991). The numbered
points refer to the six case studies discussed in the chapter, while the yellow circles indicate other
protected areas that are mentioned. (1) Serengeti – Maasai Mara ecosystem, (2) Ngorongoro
Conservation Area, (3) Nairobi National Park, (4) Mikumi National Park, (5) Kruger National
Park, (6) Table Mountain National Park (Fig. Sandra MacFadyen)
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communities require access to resources such as fuel wood, medicinal plants,
grazing, timber and expansion of agricultural areas. Having just travelled exten-
sively in Zambia and Tanzania – one of the biggest threats without a doubt is
charcoal production. These different land use types, resource demands and impacts
all present PAs with varying levels of risk of introducing different kinds of
potentially invasive species.
The attention given to PAs and the efficiency with which this is implemented
provides important context within which management of alien and invasive
plants are considered. Management effectiveness of PAs varies significantly world-
wide (Leverington et al. 2010). An assessment of PAs in tropical regions globally
showed that they had been effective in protecting ecosystems and species within
their boundaries, especially in preventing habitat clearing (Bruner et al. 2001).
It was however clear that various other management problems require improvement,
for example illegal hunting (invasions by alien species were not included in the
assessment). However, recent reviews of the management of PAs in general showed
that in Africa, proportionally more of the PAs have little effective management
in place and are in need of assistance (Leverington et al. 2010). Through the
CBD Programme of Work on Protected Areas and IUCN World Commission on
Protected Areas, much effort is being placed on developing “comprehensive, effec-
tively managed and ecologically-representative national and regional systems of
protected areas” (Dudley et al. 2005). These programmes acknowledge that while
the extent of PAs has increased, few have general management structures and are, in
many cases, ineffectual in carrying out their mandate. As one of the goals for
developing effective PAs networks, mechanisms to identify andmitigate the impacts
of key threats to PAs were to have been in place by 2008 (Dudley et al. 2005).
This included taking measures to mitigate the risks posed by invasive alien species.
There has been no assessment of the state of alien plant invasions in most
countries in Africa, let alone across PAs. If PAs are to fulfil their mandate
successfully in the long-term, basic information on the alien species that are
present, and those likely to become highly invasive, is a prerequisite. We aim to
provide a synthesis of what is currently known, by providing a review of the
available literature, adding recent observations and providing case studies to illus-
trate various problems and potential solutions.
7.2 State of Knowledge
Although we carried out an extensive review, little information is available for most
areas. While we acknowledge that we are most familiar with South Africa and parts
of East Africa, we searched for material across the continent, and are confident that
the information is a reasonably detailed assessment of what is generally known. We
suggest that the lack of information is an indication of the level of resources and
attention that has been given to this problem, and thus not the accessibility of
information. Much work has been done on collecting and synthesising data on
species patterns and invasion processes the tropical forests in the East Usambara
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Mountains (Eastern Arc Mountains) in Tanzania. However, as an in-depth review is
given by Hulme et al. 2014, we have not included a discussion on the region here.
Due to the availability of information, we use six case studies as examples to
illustrate how different approaches to managing, surveying, monitoring and
research have been undertaken, and how these may provide insight into other
situations. These case studies include different regions and biomes of Africa:
grasslands, dense to open savanna type ecosystems (Serengeti National Park –
Maasai Mara National Reserve, Mikumi National Park, Ngorongoro Conservation
Area and Kruger National Park) and two urban parks (Table Mountain National
Park and Nairobi National Park). These PAs also include different histories of
invasion and management. For example, Table Mountain NP, a Mediterranean type
biome and a global centre of endemism, is surrounded by the city of Cape Town and
has had a history of plant introductions dating back to the 1650s with European
colonisation, and has detailed records from the early 1800s. Nairobi NP, which
includes mega-herbivores, covers an area of 117 km2 and is 7 km from Nairobi city
centre, has virtually no records of plant invasions. Kruger NP, a 20,000 km2
savanna PA, and proclaimed more than 100 years ago, has records of alien plants
introductions from the 1930s. The Serengeti, Maasai Mara and Ngorongoro PAs in
Tanzania and Kenya are global icons, but they, and Mikumi National Park, have
had a shorter history of alien plant introductions and attention paid thereto.
The SCOPE (Scientific Committee on Problems of the Environment)
programme of the 1980s assessed the invasion of alien species in nature reserves,
using these as examples of systems having been protected from anthropogenic
impacts (Usher et al. 1988). The aim was to test whether natural systems could be
invaded, as opposed to disturbed systems, which was considered necessary for
colonisation by alien plant species. The programme reviewed a number of biomes
globally, including five PAs across Africa: savanna regions included Serengeti and
Ngorongoro in Tanzania, and Kruger National Park and Hluhluwe-iMfolozi Game
Reserve in South Africa (Macdonald and Frame 1988). For arid regions, the
Skeleton Coast in Namibia (Loope et al. 1988), and for Mediterranean type
systems, the Cape of Good Hope Nature Reserve (now incorporated into
Table Mountain National Park) in South Africa (Macdonald et al. 1988), were
included. Within these parks 80 alien plants (73 invasive) were reported for the
Cape of Good Hope, 12 species in Serengeti-Ngorongoro (12 invasive), 156 species
in Kruger (113 invasive), 74 species in Hluhluwe-iMfolozi (71 invasive) and seven
species Skeleton Coast (7 invasive). It would be important to note however that the
terminology used to indicate invasiveness has changed considerably since these
studies were conducted, and species may be categorised differently under more
recent approaches (see Richardson et al. (2011) for a discussion on terminology).
Nevertheless, these lists still provide insight into the species already present at the
time. It also led to an important and necessary finding, and which came to play a
role in shaping future questions around the susceptibility of ecosystems to invasion:
the realisation that all nature reserves (and thus ‘natural’ systems) appear to contain
invasive species. The programme revealed that the nature and degree of invasions
differed substantially between PAs in different regions of the world (Usher 1988).
For example, it was suggested that PAs in arid regions of the tropics and sub-tropics
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have fewer invasive species (although notable exceptions were found); temperate
regions in the northern hemisphere are relatively free of invasions, while the
southern hemisphere has been severely impacted by invasions (Usher 1988). An
important point raised by the programme was that tourism poses a substantial threat
for invasions of PAs, as a positive correlation between visitor numbers and numbers
of introduced species was found (Usher 1988), most likely due to associated
infrastructure (lodges, roads). This is obviously an increasingly important issue as
eco-tourism is a major source of revenue, and frequently, the primary motivation
for continued existence and expansion of the global PA network (Barber
et al. 2004). Moreover, this is likely to become especially important in Africa, as
the quality of resources available for the tourism industry is high, and for most
countries the development of their full tourism potential is in its infancy (Christie
and Crompton 2001).
A recent review of plant invasions on tropical and sub-tropical savannas, while
not explicitly focusing on PAs, found that much of the available information was
also based on work and collections in PAs (see references in Foxcroft et al. 2010).
In this work only a few species had been reported in published literature, some of
which are ruderal or roadside weeds and not invasive. In Uganda these include six
species in Lake Mburo NP, 15 species in Murchison Falls NP and 26 in Queen
Elizabeth NP. In Mkomazi NP, Tanzania, eight species had been listed. However,
as is discussed later, recent observations have substantially changed these figures.
While information is available and increasing in South Africa and parts of East
Africa, little is known about the status of alien plant invasions in West Africa,
especially from PA’s. Most work in the region has focused on invasive alien plants
(IAPs) impacting on agricultural systems and water resources, and to a large extent
on the biological control thereof. In a workshop on prevention and management of
alien plant invasions in the West African region (CABI 2004), 19 taxa were listed,
of which eight were considered priority species. However, no information was
given on their status in PAs. More recently, a brief survey of eight protected areas in
Burkina Faso and Ghana (IUCN/PACO 2013) listed 26 species, including many
that are highly invasive in similar biomes elsewhere. These include Cardiospermum
sp. (balloon vine), Chromolaena odorata (chromolaena/triffid weed), Lantana
camara (lantana), Leucaena leucocephala (leucaena), Mimosa pigra (giant sensi-
tive plant) and four species of Senna. The aquatic species Eichhornia crassipes
(water hyacinth) and Pistia stratiotes (water lettuce), which are probably of the
most problematic in Africa, are also present (IUCN/PACO 2013).
7.2.1 East Africa
The Nairobi Prevention Protocol Concerning Protected Areas and Wild Fauna and
Flora in the Eastern African Region, Article 7 (21 June 1985), requires the
contracting parties to take all appropriate measures to prohibit the intentional or
accidental introduction of alien species which may cause significant or harmful
changes to the East African region. Although already having been in place for
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25 years, the protocol is still largely unknown and as such not adhered to. Moreover,
a lack of capacity and resources, especially with regard to the identification and
monitoring of alien plants, has largely prevented implementation thereof.
There are no documented records of the total number of alien plant species
present in PAs in East Africa. Lists that have been compiled have been done for
other specific purposes and often mention alien plants incidentally. A few plant
identification guides (e.g. Ivens 1967; Terry 1984; Terry and Michieka 1987) have
been published on the common agricultural weeds in the region, of which many are
alien species. Checklists of regional floras, such as the Flora of Tropical East
Africa, and others for more specific areas, such as Pemba Island (Williams 1949;
Koenders 1992) have been compiled, in which alien species are included. The
Kenyan Horticultural Society produced a book of the most common ornamental
plants (Hobson 1995), many of which are alien, potentially invasive or have already
become invasive. A series of books lists the most useful trees and shrubs, of which
many are, again, naturalised or invasive in Kenya (Maundu and Tengnas 2005),
Uganda (Katende et al. 1995) and Tanzania (Mbuya et al. 1994). Other illustrated
field guides include some alien species, many of which are invasive (e.g. Blundell
et al. 2003; Birnie and Noad 2011; Dharani 2011). A comprehensive list of more
than 500 alien plant species, which were introduced in the early 1900s to the Amani
Botanical Gardens in Tanzania, was compiled in the 1930s (Greenway 1934) and
recently revisited by Dawson et al. (2008). Thus, while there are many botanical
publications, no work has been directed at compiling a comprehensive list of alien
and invasive plants until recently, where a database providing ‘fact sheets’ on
vertebrate pests and 100 of the most invasive IAPs known to occur in East Africa
has been compiled (http://keys.lucidcentral.org/keys/v3/eafrinet/plants.htm).
Introductions of alien plants for ornamentation (via nurseries and other means)
are a well-known and effective pathway of introduction in general (Reichard and
White 2001), and even for PAs specifically (e.g. in Kruger NP, Foxcroft
et al. 2008). As such, due to the use of ornamental species being one of the few
pathways that can potentially be managed, special attention should be given to
preventing new introductions of potentially invasive ornamental plants. An addi-
tional pathway of concern is the intentional introduction of agro-forestry species,
for example Prosopis juliflora (mesquite), Leucaena spp., Australian Acacia spp.,
Calliandra calothyrsus (calliandra), by Non-Governmental Organisations (NGOs)
and other agencies. Additional efforts need to be made to manage this process and
pathway more effectively. Many of the species invading PAs are also widely
utilised as hedge plants by rural communities, such as L. camara, various Opuntia
species, Tithonia diversifolia (Mexican sunflower), Caesalpinia decapetala (Mau-
ritius thorn), Thevetia peruviana (yellow oleander) and Brugmansia suaveolens
(angel trumpet), and collaboration with communities to explore the use of indige-
nous alternatives or non-invasive alien species should be sought.
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7.2.1.1 Case Study 1: Serengeti – Maasai Mara Ecosystem: Serengeti
National Park (Tanzania) and Maasai Mara National Reserve
(Kenya)
The Serengeti – Maasai Mara ecosystem is an area of approximately 25,000 km2
spanning the border between Tanzania and Kenya. It is renowned for the annual
wildebeest and zebra migration between the southern plains of the Serengeti NP
(SNP) and the northern grasslands of Maasai Mara National Reserve (MMNR). The
Kenyan section of the total ecosystem is about 6,000 km2 in size, of which
1,510 km2 consists of the MMNR. The adjacent SNP covers an area of
14,763 km2. The area surrounding Serengeti – Maasai Mara consists of a mixture
of private nature reserves/conservancies or unprotected communally owned land.
Invasive alien plants were generally considered of low importance in the SNP,
with one report indicating that there was no sign of introduced weeds colonizing
natural disturbances or invading the undisturbed grassland community (Belsky
1987). In the late 1980s 12 species of alien plants were recorded (Macdonald and
Frame 1988). Four of the listed species were considered to have substantial
ecological impacts. Tagetes minuta (khaki weed) appeared to thrive in disturbed
areas along roadsides and under high grazing pressure from livestock. Additionally,
heavy disturbance from the indigenous mole rat (Tachyoryctes daemon) provided
habitat in which the plants proliferated, displacing indigenous grasses (Macdonald
and Frame 1988). Of the additional species considered to have a high impact,
Rorippa nasturtium-aquaticum (watercress) was intentionally introduced by Euro-
pean settlers for food. Medicago laciniata (cutleaf medick), an annual herb of
Mediterranean origin, appears to have been introduced accidentally, with seeds
on army coats sold to Maasai pastoralists after World War II (Macdonald and
Frame 1988). Euphorbia tirucalli (Indian spurge) was also listed, but has recently
been shown to be indigenous to east and southern Africa (Foxcroft et al. 2010). In
2003, ten additional alien species were reported (Foxcroft 2003a), including Opun-
tia stricta (sour prickly pear; Fig 7.2a), O. monacantha (drooping prickly pear) and
P. stratiotes. Although much research has been done in the Serengeti NP for a
number of decades (Sinclair and Norton-Griffiths 1979; Sinclair and Arcese 1995;
Sinclair et al. 2008) no research programme has been focused specifically on IAPs.
Very little is known about the alien plant species present in the MMNR, although
some studies have been undertaken at a landscape level in an attempt to identify the
main drivers of vegetation change since the early 1900s (e.g. Glover and Trump
1970; Dublin 1986). Ironically an invasive alien species, rinderpest (an acute,
usually fatal disease of ruminant animals), together with fire and elephants, have
been identified as being some of the main drivers responsible for changes in the
grass and woodland cover. Invasive plants may however become the next major
driver of change, as a number of invasive plant species have recently been identified
(Witt and Sospeter, unpubl.). The main pathways for their introduction, both
accidental and intentional, have no doubt been the extensive road network, rivers
and streams originating outside the MMNR, and lodge gardens.
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Fig. 7.2 (a) Opuntia stricta in Kruger National Park, South Africa. Opuntia stricta has also
been recorded in Serengeti National Park, Tsavo East National Park and a number of conservan-
cies in Kenya. (b) Parthenium hysterophorus being controlled along the Crocodile River, Kruger
National Park. Parthenium hysterophorus has been recorded widely across north-eastern
South Africa, Mozambique and East Africa, including Maasai Mara National Reserve,
Ngorongoro Conservation Area, Nairobi National Park and Awash National Park, Ethiopia
(Photograph a Llewellyn C Foxcroft, b Ezekiel Khoza)
The first intentional introduction of alien plant species into the MMNR was
probably associated with the development of the first tourist lodge, Keekorok lodge,
in 1965. Since then more than 70 introduced ornamental species have been intro-
duced to lodge gardens in the MMNR (Witt and Sospeter, unpubl.). Many of
the current 24 permanent camps in and around the MMNR host a number of
well-known invasive plant species such as L. camara, Tithonia diversifolia (Mex-
ican sunflower), T. rotundifolia (red sunflower), O. monacantha, and Anredera
cordifolia (Madeira vine). With the exception of Parthenium hysterophorus
(parthenium; Fig 7.2b), a number of other alien plant species, most of them
relatively benign, have also been inadvertently introduced and are widely
established along the extensive road network. The extensive network of formal
roads and informal jeep tracks facilitates the movement of invasive plants and is
likely to be a major pathway for the dispersal of P. hysterophorus.
There have been no official attempts to manage any invasive plant species in the
MMNR until very recently. This is probably due to the combination of a lack of
awareness and that alien plant invasions are likely to have been relatively recent.
The discovery of P. hysterophorus in the MMNR in November 2010 led to the first
official attempt to manage an invasive plant in the Reserve. With funding from the
Australian High Commission in Kenya, and working together with the Kenya
Wildlife Service, community members were employed to manually remove
P. hysterophorus from the MMNR. All visible plants were manually removed,
but unfortunately there was insufficient funding for follow-up activities. However,
management of P. hysterophorus (initially manually, but more recently using
herbicides) has continued in the Mara Triangle, which is managed by the Mara
Conservancy. Whether the control has been successful in the long-term may be too
soon to determine. A compounding problem is that P. hysterophorus is not being
managed on the adjacent property.
7.2.1.2 Case Study 2: Ngorongoro Conservation Area, Tanzania
As with Serengeti NP, Rorippa nasturtium-aquaticum was probably intentionally
introduced by European settlers into the Ngorongoro crater for food. It was con-
sidered likely to have displaced the indigenous aquatic plant, Crassula granvikii
(Macdonald and Frame 1988).
More recently an additional 43 alien plant species were listed for the Ngorongoro
crater (Lyons and Miller 1999; Henderson 2002). A large number of alien ornamental
species that have potential to become invasive were also observed at the lodges
surrounding the Ngorongoro crater (Henderson 2002). The most important species,
and for which management recommendations have been suggested include Acacia
mearnsii (black wattle) and C. decapetala (Henderson 2002; Foxcroft 2003b; Lotter
2004), Melia azedarach (syringa), Azolla filiculoides (red water fern), L. camara,
Jacaranda mimosifolia (jacaranda) and P. hysterophorus (Clark et al. 2011). Manual
control has been conducted for some species including A. mearnsii, C. decapetala and
P. hysterophorus. Two species previously considered alien and requiring management
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were Bidens schimperi (yellow-flowered blackjack) and Gutenbergia cordifolia.
However, although these have been confirmed as indigenous species (Henderson
2002) they are still being managed to improve forage on the crater floor.
7.2.1.3 Case Study 3: Nairobi National Park (Kenya)
The Nairobi National Park (NNP), only 7 km from the Nairobi city centre, is
considered to be unique in that it is the only urban National Park in the world
that has lion, rhino, leopard, and buffalo in such close proximity to a city. Formally
established in 1946 as Kenya’s first national park, it is approximately 117 km2 in
extent. It is bounded by an electric fence on three sides but is open to the Kitengela
Conservation Area, located to the south of the park.
There are virtually no published accounts of the flora of NNP, and as such no
formal records of IAPs. The only references to some alien plant species were made
by Heriz-Smith (1962) who lists a number of ruderal/roadside weeds, and Dovyalis
caffra (kei apple), Ageratum conyzoides (invading ageratum), Opuntia spp., Euca-
lyptus spp., and Schinus molle (pepper tree). Recent informal surveys revealed that
L. camara is the most abundant IAP in the park with infestations mainly confined to
the dry forest, and the Mbagathi and other river valleys. The cactus species, O.
ficus-indica (sweet prickly pear), O. monacantha, Austrocylindropuntia subulata
(long-spine cactus) and Cereus sp. (queen of the night) are present on the open grass
plain, together with D. caffra, which also occurs in the forest. Parthenium
hysterophorus has recently invaded the park, while C. decapetala, Bryophyllum
delagoense (chandelier plant), B. fedtschenkoi (kalanchoe stonecrop), Agave
sisalana (sisal) and A. americana (American agave) are localised within the
PA. There are a large number of introduced roadside or ruderal plants that appear
not to have impacted on the indigenous flora. Despite the presence of a large
number of other invasive and potentially IAPs that have been grown as ornamentals
for more than 100 years in and around the city of Nairobi, since its establishment in
1899, the park is still relatively uninvaded, compared to others such as Kruger
National Park.
There have been very few attempts to control invasive plants in NNP. In 1998
funds were made available by the David SheldrickWildlife Trust to control some of
the invasive cactus species in NNP. As herbicides could not be used, plants were
removed manually and dumped elsewhere. Unfortunately funds were insufficient to
eradicate the plants. More recently KWS, with funding from USAID, has started
with the manual control of L. camara.
7.2.1.4 Case Study 4: Mikumi National Park (Tanzania)
Mikumi National Park (MNP) was established in 1964 and although it is 3,230 km2
in extent, it is unfenced and adjoins the Selous Game Reserve World Heritage Site,
which is more than 43,000 km2 in extent. A survey in 2009 listed ten species of
7 Icons in Peril: Invasive Alien Plants in African Protected Areas 127
potentially invasive alien plant species within MNP, including L. camara and
P. stratiotes (Clark and Lotter 2009). Fortunately, manual control measures were
already in place by Tanzanian National Parks to minimise their impact and spread.
Apart from the national public road traversing the park and rivers flowing into MNP
from outside its borders, lodges and camps were also observed to be important seed
source sites. Of additional concern was the observation of 11 invasive species
occurring outside, but in the immediate vicinity of MNP. These species included
C. decapetala, M. azedarach and Psidium guajava (guava). Mimosa pigra, also
found outside of MNP, has already invaded the Selous Game Reserve, where,
unfortunately, no control measures are in place (Clark and Lotter 2009).
7.2.2 Southern Africa
In Zimbabwe, 1449 introduced and naturalised species have been listed (Maroyi
2006), of which 391 have been analysed for their mode or purpose of introduction
and their invasion status. This study indicates 153 (39.1 %) species as casual aliens,
154 (39.4 %) as naturalised and 84 (21.5 %) as invasive species (Maroyi 2012). Of
the most invasive species countrywide, J. mimosifolia andM. azedarach, have also
been long recorded as invaders in Matopos, Hwange and Kyle National Parks
(Southern Rhodesia Commission Forestry 1956). In the 1980s concerns were raised
in Nyanga National Park where the park estates are either adjacent to commercial
forestry plantations, or had their own plantings in the early 1920s, with 20 % of the
park reportedly affected by invasive alien tree species (Nyoka 2003). The alien
species were planted to provide fuel wood (mainly Pinus spp. and Acacia spp.),
construction timber, and to ‘beautify’ (Nyoka 2003) the parks with ornamentals
such as J.mimosifolia andM. azedarach. Additionally, Chimanimani National Park
in the eastern highlands of Zimbabwe has also been heavily invaded (Nyoka 2003).
South Africa has a well-documented history of alien plant introductions, with
about 750 tree species and around 8 000 shrubby, succulent and herbaceous species
having been introduced (van Wilgen et al. 2001). Of these, 198 have been declared
by legislation (Conservation of Agricultural Resources Act; Act 43 of 1983) as
alien weeds or invasive plants (Henderson 2001), and about 240 species
recommended for listing under the National Environmental Management: Biodi-
versity Act (Act 10 of 2004). In South Africa’s KwaZulu-Natal province, IAPs were
rated as the most serious threat to biodiversity in a management effectiveness
assessment of all the PAs, including both Natural World Heritage Sites,
uKhahlamba/Drakensberg Park and iSimangaliso/Greater St Lucia Wetland
National Park (Goodman 2003). In 1983, 20 alien plant species were reported in
Hluhluwe-iMfolozi (Macdonald 1983), increasing to 74 species by 1988 (Macdon-
ald and Frame 1988). The most important species were regarded to be C. odorata
and M. azedarach, the former of which has become a major problem, costing
millions of ZAR in control annually (Lotter and Clark 2008).
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A total of 663 alien plants (all alien plants, not only invasive species) have been
listed for South Africa’s 19 national parks. Approximately 20 % are considered
invasive (Spear et al. 2011). Kruger National Park (KNP) has the highest number of
alien plants listed with 350 alien plants, followed by Table Mountain National Park
(TMNP) with 239 (Spear et al. 2011). We discuss Table Mountain and Kruger
National Park further as specific case studies.
7.2.2.1 Case Study 5: Kruger National Park (South Africa)
Detailed accounts of the introduction and management of alien plants in Kruger
National Park have been given in a number of publications (Foxcroft 2001;
Foxcroft and Richardson 2003; Freitag-Ronaldson and Foxcroft 2003; Foxcroft
and Freitag-Ronaldson 2007; Foxcroft and Downey 2008). Here we provide a
synopsis of the key issues: introduction of alien plants as ornamental plants, early
control efforts and current management initiatives, research, and lessons learned.
The southern region of KNP was proclaimed in 1898. The Park extends 360 km
from north to south, covers 20,000 km2, and is bisected by seven major river
systems, which originate in the highlands to the west of the park and drain a
combined area of about 88,600 km2. The first six alien plants were recorded in
1937 (Obermeijer 1937; Foxcroft et al. 2003), increasing to 350 (Spear et al. 2011).
There was however little support for alien species management until the late 1990s
(Foxcroft and Freitag-Ronaldson 2007). The tourist camps and staff villages have
been landscaped to varying degrees, with 258 alien plant species being recorded in
36 camps or staff villages, many of which were intentionally introduced (Foxcroft
et al. 2008), even though they are now known to be invasive elsewhere. In 1957
KNP prohibited planting ornamental plants in tourist camps and staff villages, and
although the park policy on the control of ornamental species was updated period-
ically thereafter, it was largely disregarded. In 2004 the policy was again revised
and the species list expanded. Species were prioritised on the basis of their potential
to invade KNP as indicated by their invasiveness in similar habitats elsewhere, and
on the prevailing national legislation. These species were removed manually and
follow-up control still continues. Once the priority species were deemed to be under
control, less invasive species were targeted. All alien species were removed from
vacated houses (as staff retired or transferred elsewhere in the park), regardless of
their potential for invasion (Foxcroft et al. 2008).
Management of alien plants began in 1956 on M. azedarach (Foxcroft and
Freitag-Ronaldson 2007) on a relatively small scale. From 1982 the park dedicated
one team of ten general workers to the control of IAPs. Biological control of P.
stratiotes was initiated with the introduction of the snout weevil Neohydronomus
affinis in 1985 (Cilliers et al. 1996). The insects were successfully introduced and
resulted in a complete reduction of the populations and abundance of P. stratiotes in
the park. Opuntia stricta, one of the parks worst invasive plant problems, was
initially introduced as an ornamental garden plant in Skukuza in the early 1950s
(Lotter and Hoffmann 1998). In 1980, O. stricta was estimated to have invaded an
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area of only 100 km2, but by the mid to late 1990s it was estimated that O. stricta
covered an area of 300–400 km2. In 1996 the revised management plan delineated
an area of 670 km2, with the plants covering about 530 km2 (although the patches
are widespread, with a few high density patches interspersed with isolated plants;
Foxcroft et al. 2004). Control by means of herbicides was initiated in the mid-1980s
and in 1987 followed with the introduction of the biocontrol agent Cactoblastis
cactorum ‘stricta’ biotype (Hoffmann et al. 1998a, b). In 1997 the cochineal
Dactylopius opuntiae was released, resulting in rapid control of large dense patches
of O. stricta. Following this success, a hot-house was erected for rearing the
cochineal on a continuous basis, and cladodes of O. stricta covered in cochineal
were distributed across the region, thereby facilitating widespread dispersal of the
insect. Opuntia stricta is now considered under control, with little resurgence of
previously densely invaded areas (see Figure 3 in Paterson et al. 2011). Lantana
camara, one of KNPs most widespread invasive species occurs along most of the
parks major rivers. It was first recorded in KNP in 1940, and was planted in tourist
camps in the early 1950s (Vardien et al. 2012). Together with M. azedarach, it
became the focus of early control efforts in the late 1950s. Upper catchment areas
are heavily invaded, forming a substantial supply of propagules, which are dis-
persed along the rivers. Lantana camara is likely to remain in the system and should
follow-up clearing be ceased, will most likely rapidly reinvade. Although the threat
of invasions from ornamental plants has virtually been removed, pressure from
outside the park remains high where neighbouring populations are found on the
parks periphery (Spear et al. 2013). Parthenium hysterophorus probably represents
one of the most important emerging invasive species. Invading from the south-east
of the park, the plants have shown a steady increase in their distribution even
though control efforts are underway (Fig 7.2b).
In 1997 the KNP Working for Water project was initiated. The catalyst for the
national programme was the ability to combine (i) the need to manage IAPs that
impact on already stressed water resources and biodiversity, and (ii) the high levels
of poverty in many parts of the country. The project was initiated in 1997 with the
sponsorship of ZAR3 million ( US$650,000) for a period of three years from
the Royal Netherlands Government, and ZAR6 million ( US$1.3 million)
from the Poverty Relief Fund of the South African Government. This allowed the
employment of up to 1,000 people, focusing solely on the control of IAPs. The
Working for Water – poverty relief programme has continued to the present, with a
total of around ZAR90 million ( US$10.7 million; as at September 2012 values)
having been spent on control efforts in the park up to the end of the 2010/2011
financial year.
Although the park has a long tradition of research in general, with various
programmes dating back to the 1950s (for example on fire, large mammals,
carnivores, Du Toit et al. (2003), there was no research programme dedicated to
the study of invasive alien species until about 1996. Research that was conducted
was driven by external scientists, focusing largely on post-release evaluation of
biological control agents. These studies included biological control of P. stratiotes
(Cilliers et al. 1996), and O. stricta (Hoffmann et al. 1998a, b; Lotter and Hoffmann
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1998; Reinhardt et al. 1999; Paterson et al. 2011). This has expanded in the last
decade to include, for example, work on risk assessment (Foxcroft et al. 2007),
ornamental plants (Foxcroft et al. 2008), processes and patterns of invasion
(e.g. Foxcroft et al. 2004, 2009, 2011) and invasion potential and allelopathy of
priority species such as P. hysterophorus (van der Laan et al. 2008).
The intentional introduction of alien plants as ornamental species has been one
of the most important pathways of introduction, with many species that are now
considered as some of the parks most problematic species (e.g.O. stricta, L. camara
and P. stratiotes) now incurring substantial costs to control. While this pathway is
in effect closed, the upper catchment of the KNP produces an unending supply of
propagules, which will require on-going commitment to minimise. While KNP has
itself invested in on-going control for a number of decades, due to the scale of the
problem, it is unlikely that without the collaboration with the Working for Water
programme, the current low density of invasive species would be possible. Preven-
tative measures have generally been poor, and more strategic placement of control
teams requires improved insights into likely sources of invasion from adjacent
areas. Recent work has aimed to quantify the role that the boundary plays in
filtering invasions from adjacent areas (Foxcroft et al. 2011; Jarošı́k et al. 2011)
in order to develop buffer zones.
7.2.2.2 Case Study 6: Table Mountain National Park (South Africa)
The Cape of Good Hope Nature Reserve, which now forms the southern section of
Table Mountain National Park (TMNP), was proclaimed in 1939 (Macdonald
et al. 1988). Through the consolidation of a number of smaller nature reserves in
1998, TMNP now covers 471 km2. The park is situated within the Cape Town
metropolitan area and was declared a Natural World Heritage Site in 2003. TMNP
also falls within the Cape Floral Kingdom, providing sanctuary for 2285 indigenous
plant species, of which 90 are endemic (TMNP 2008). The fynbos biome
(Mediterranean-climate type shrublands) in which TMNP is situation, has a rich
history of botanical study (Cowling et al. 1997; Gelderblom et al. 2003), however
invasions by alien plants have become an increasingly important component thereof
(van Wilgen 2012). By the mid-1990s IAPs were already considered as one of the
key threats to TMNPs ecosystem integrity (Richardson et al. 1996).
Alien plants have long been introduced into the Western Cape region of South
Africa, for example, Pinus pinaster (cluster pine) in 1680, Hakea sericea (silky
hakea) in 1830 (Macdonald and Richardson 1986), and Acacia longifolia (long-
leaved wattle), which was reportedly introduced by Kew Gardens’ collector James
Bowie in 1827 (Stirton 1978). Introduced in the mid-1880s, Acacia cyclops (red
eye) was considered the most important species 100 years later (Macdonald
et al. 1988). By the late 1800s and early 1900s, botanists Peter MacOwan
(in 1888) and Rudolf Marloth (in 1908) both raised concerns that IAPs would
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replace the natural vegetation (Stirton 1978). In 1945 plant invasions had reached
alarming proportions, leading to the statement by a prominent naturalist that “one of
the greatest, if not the greatest, threats to which the Cape vegetation is exposed, is
suppression through the spread of vigorous exotic plant species” (Wicht 1945).
In an assessment of threats to the biodiversity of the region in 1996, dense
patches of invasive plants were shown to be impacting on a third of the known
localities of threatened taxa, with only about 10 % of the sites occurring only within
areas already invaded (Richardson et al. 1996).
Another key problem coupled to the impact of IAPs in the fynbos region is that
of fire and the alteration of fire frequency, seasonal incidence, size and intensity
(Macdonald and Richardson 1986). The fynbos system is predisposed to fire as an
ecosystem driver (Forsyth and Wilgen 2008), but usually to longer return intervals
and lower intensities (van Wilgen 2009). Invasive alien plants are often more
competitive under fire regimes that differ from those that the indigenous biota
evolved with (Forsyth and Wilgen 2008). The most common invasive species in
TMNP are also fire adapted, and their ability to produce large numbers of seeds
facilitates their prolific spread after fires (van Wilgen et al. 2012). These trees
(e.g. wattles and conifers; van Wilgen and Richardson 2012) and shrubs signifi-
cantly increase biomass and add to fuel loads, leading to increased fire intensity and
erosion (van Wilgen and Scott 2001).
Control operations started in 1941 but up until the 1970s were unsuccessful,
largely due to the lack of a coordinated management plan and poor understanding of
the biology of the target plants (Macdonald et al. 1988). In 1984/1985 the
programme cost ZAR154,000 ( US$100,000 at that time) and consumed about
40 % of the Cape of Good Hope Nature Reserve annual budget. These efforts were
unfortunately not sufficient to contain the problem (Macdonald et al. 1988). In 2008
the control of IAPs within TMNP cost approximately ZAR9 million ( US$1.08
million in 2008), with priority species including Acacia, Hakea and Pinus spp.
(TMNP 2008). For the 2012–2013 financial year, the budgeted costs are approxi-
mately ZAR14 million ( US$1.7 million in September 2012).
A challenge that has arisen over the last few years with regards to management
of IAPs in TMNP, and from which valuable insights may be gained, is that of
reconciling environmental imperatives and personal value systems (van Wilgen
2012). Although in keeping with TMNPs status as a world heritage site and its
primary function of conserving the biodiversity rich region, IAP clearing
programmes have become highly controversial. Arguments against removing
IAPs include, for example, perceptions that alien trees contribute positively to
water and soil resources (van Wilgen 2012). More difficult to manage however
are the arguments related to aesthetics, recreational and ethical values. An assess-
ment of the challenges (van Wilgen 2012) provides important lessons for the future,
as these kinds of situations can conceivably increase in multi-use PA landscapes.
Appreciation of the biodiversity values of the PA, and the adoption of policy, based
on international conventions and best practice, is a key element to ensure a support
132 L.C. Foxcroft et al.
base. A sound scientific understanding of the ecology and impacts of plant inva-
sions is required to provide evidence based management and policy input. The lack
thereof was shown to be a contributing factor to the unsuccessful management
attempts between the 1940s and 1970s. The partnerships between academic
researchers-managers-policy makers-funders facilitated an integrated strategic
approach to implementation of control programmes and opportunities for
co-learning. The management of IAPs in South Africa has however been facilitated
by the renowned Working for Water programme, which has successfully been able
to provide employment and economic outcomes, while integrating essential eco-
logical needs (van Wilgen 2012). This kind of clearing programme may not be
feasible in all situations, but alternative mechanisms need to be investigated to
provide this level of support.
7.3 Impacts: Empirical Evidence and Anecdotal
Observations
A wide range of impacts from plant invasions have been reported globally, with
some originating from work in PAs (Foxcroft et al. 2014). Of the total body of
literature on impacts of plant invasions, little of this work has been specifically
directed at PAs in Africa, except perhaps for some work done in South Africa. We
do not provide a comprehensive synthesis of the impacts of IAPs, but rather
highlight some examples from PAs in Africa. A more in-depth review is provided
elsewhere in this volume (Foxcroft et al. 2014).
Some examples include impacts on beetles and spiders as biodiversity indicators
in Kruger National Park (Robertson et al. 2011), and Hluhluwe-iMfolozi Game
Reserve (Mgobozi et al. 2008). In both studies using beetle and spiders as indica-
tors, either the assemblage patterns, abundance, diversity and estimated species
richness were changed. In Hluhluwe-iMfolozi small mammal species richness and
diversity were also shown to have decreased (Dumalisile 2008). Due to the role that
large- to mega-herbivores play as ecosystem drivers in most African PAs, an
improved understanding of the effects of them being displaced on other species
or ecosystems is also required. Dense patches of C. odorata were shown to impact
on forage availability and access, causing spatial reorganization of the black rhino
(Diceros bicornis) population (Howison 2009). This led to the hypothesis that
C. odorata may have been partly responsible for a decline in the black rhino
population in Hluhluwe-iMfolozi in the mid-1990s (Howison 2009). Shading of
crocodile (Crocodylus niloticus) nesting sites by the invasive plant C. odorata in
Lake Saint Lucia (iSimangaliso Wetland Park) has resulted in a female-biased sex
ratio (Leslie and Spotila 2001). In the fynbos biome, of which TMNP plays a crucial
role in protecting the species rich region, invasions could reduce species richness by
between 45 and 67 % (Richardson et al. 1989). By 1996, due to uncontrolled fires,
combined with the effects of plant invasions, many species were considered to be
facing imminent extinction (Trinder-Smith et al. 1996). This is further exacerbated
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by the impact of fire on soil erosion (van Wilgen and Scott 2001). Soil loss
following fires typically amounts to 0.1 tonnes/ha in fynbos habitat, but when
fuelled by high biomass from IAPs, increases to 6 tonnes/ha in patches invaded
by Pinus (Scott et al. 1998). Other studies have provided documented evidence of
modified nutrient regimes due to either increased nitrogen fixation or increased
decomposing biomass (Musil and Midgley 1990; Yelenik et al. 2004) and impacts
on seed banks of native fynbos species associated with Acacia saligna (Port
Jackson willow) invasions (Holmes and Cowling 1997).
Water loss due to increased use by invading trees is also of concern as few PAs
contain entire water catchments within their boundaries, and thus widespread
invasion and habitat alteration may have severe consequences for downstream
users. For example, a study in 2002 showed the upper reaches of the Sabie-Sand
river catchment, which flows through the Kruger NP, to be about 23 % invaded,
with a corresponding 9.4 % loss in natural river flow (Le Maitre et al. 2002).
There have been very few scientific studies on the impacts of IAPs in East
Africa, although various studies have been carried out in the Eastern Arc Mountains
of East Africa (Hulme et al. 2014). Considered by some to be an introduced
invasive plant, the impacts by the toxic Solanum campylacanthum (bitter apple),
were investigated in Hells Gate (HGNP) and Nakuru NP, Kenya. In Nakuru NP, S.
campylacanthum invaded all grassland vegetation types, with densities of up to
3,334 plants ha (Ng’weno et al. 2010), decreasing forage quantity significantly with
increased invasion (Ng’weno et al. 2010).
Parthenium hysterophorus (Terfa 2009) and P. juliflora (Demissie 2009) were
shown to displace native plant species in Awash National Park (Ethiopia). The
impact of M. pigra, which has invaded Lochinvar National Park (Zambia) was
assessed using fixed transects along the shoreline. Bird species diversity was
reduced by almost 50 %, with only 314 individual birds recorded in invaded sites,
compared to 19,265 in uninvaded open floodplains (Shanungu 2009).
7.4 Management: What Is Being Done and What
Can Be Done?
There is a wealth of information widely available on the techniques of managing alien
plants, including for example, A Toolkit of Best Management Practices (Wittenberg
and Cock 2001), Turning the Tide: the Eradication of Invasive Species (Veitch and
Clout 2002), Assessing and Managing Invasive Species within Protected Areas
(Tu 2009) and Tools and Techniques for Use in Natural Areas (Tu et al. 2001).
Also, a number of chapters in this volume provide further information on various
aspects of alien plant management (e.g. Meyerson and Pyšek 2014; Simberloff 2014;
Tu and Robison 2014). Therefore we do not discuss the tools of management (except
for a short discussion on biological control; see Van Driesche and Center 2014
for a detailed discussion), but rather examples being used in different settings
in PAs in Africa currently.
134 L.C. Foxcroft et al.
Management of alien plant invasions in Africa’s PAs is generally inadequate.
The extent to which management interventions can be implemented is limited due
to both the scarcity of resources for PAs, and competition for allocation of resources
within overall park management programmes. For example, resources may need to
be allocated to anti-poaching, fire management, animal capture and relocation,
monitoring of threatened species, infrastructure maintenance, community relations
and invasive species management. Additionally, the lack of capacity, and aware-
ness of the problem, and PA risk assessments to prioritise threats undermines the
importance of invasive species management. Where control operations are in place,
objective management effectiveness evaluations would assist in continuous
improvement. Innovative approaches are required if progress is to be made in the
long-term. It is also highly unlikely that one management approach will suit all
situations. However, examples do exist that may be tailored to provide unique
solutions. These may include, for example, the South African Working for Water
model or local community driven approaches.
South Africa, as with most other African states, is characterised by high levels of
unemployment (Buch and Dixon 2008). In redressing the high levels of poverty, the
Working for Water programme uses control of invasive plants as a means to
achieve social, economic and biodiversity outcomes (Van Wilgen et al. 2010).
Nationally, this programme provides employment for up to 20,000 people per
annum, while simultaneously treating large areas invaded by invasive plants.
Conservation agencies are supported by the national programme to enable them
to maintain their objectives, which in the absence of this funding would be unlikely
in most PAs. Due cognizance does however need to be given to potential challenges
of such public-works programmes (Buch and Dixon 2008), such as the importance
of being economically sustainable for the individual employees who are usually
employed on a short-term contractual basis. Also, even within a large programme
such as Working for Water, on-going reassessment of priorities and approaches is
required. For example, a review of the programme 15 years after its initiation
suggests that the distribution of some invasive plants has still increased (although
would be significantly worse in the absence of the programme), requiring repriori-
tisation of species and areas to be cleared (van Wilgen et al. 2012).
An integrated community approach advocated by the PAMS Foundation (http://
www.pamsfoundation.org/) has been employed in a few village communities in
southern Tanzania. It focuses on education and a strong awareness campaign to
create an appreciation of the negative impacts of IAPs. Additionally, it aims to
promote alternative indigenous plants that would be beneficial to use. As the
communities and local authorities develop an understanding of the problem and
request assistance, empowerment programmes are initiated. While assistance,
including the provision of seedlings of desirable species and the necessary equip-
ment is provided to commence the programme, most manual labour is voluntary
due to the benefits to the community itself. These projects suggest that this bottom-
up approach is more cost effective in areas where specialised felling and herbicide
treatments are not essential, or in other words where the use of well-trained
contractors is not required. It also has a higher chance of being sustainable, due
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to the ownership of the programme by land users/owners from the start of the
programme. The passing of by-laws prohibiting the use of certain species forms part
of the programme from the early stages as well.
In another example, Kenyan Wildlife Service is making progress in developing
an invasive species management strategy for PAs. Resources have also for the first
time been allocated to management. In addition, the revised draft of the Wildlife
Bill of 2011 makes special reference to invasive species, to the extent that any
person who introduces an invasive species into wildlife conservation areas, or fails
to comply with the measures prescribed by the Cabinet Secretary regarding inva-
sive alien species, commits an offence and is liable to prosecution. A number of
alien species are listed under the Bill, including 12 invasive plant species. It is
hoped that the list will be expanded to include all invasive and potentially invasive
species present in East Africa.
Unfortunately the biological control of terrestrial invasive species has not been
practiced widely in Africa, outside of South Africa. This despite the fact that many
of the species on which biocontrol agents have been released in South Africa, or
even Australia, are invasive in other parts of the continent. Opposition is often
based on a poor understanding of the theory and practice of biocontrol. However in
the long-term, biological control (Van Driesche and Center 2014) has the potential
to become one of the best management options available to PA managers in Africa,
because most countries do not have the resources to implement costly mechanical
and chemical control programmes. The main benefits of biocontrol are (i) that the
agents establish self-perpetuating populations and can often establish in areas that
are not accessible for chemical or mechanical control, (ii) control of the target
species is permanent, (iii) there are no negative impacts on the environment, (iv) the
cost of biocontrol is low relative to other approaches and usually requires a once-off
investment, and (v) benefits can be reaped by many stakeholders independent of
their financial status, and irrespective if they contributed to the initial research
(Greathead 1995). Biological control of invasive plants at a global level has been
completely successful in about 25 % of cases, which means that the target weeds
have been totally suppressed by the agents themselves with no need for further
chemical or mechanical control interventions (Cruttwell McFadyen 1998). In the
majority of other cases, chemical and/or mechanical inputs have been considerably
reduced. An analysis of some biocontrol research programmes in South Africa
found that the benefit:cost ratios ranged from 50:1 for tropical woody shrubs (de
Lange and vanWilgen 2010; van Wilgen and de Lange 2011), to 34:1 for L. camara
and 4331:1 for Acacia pycnantha (van Wilgen et al. 2004). The value of the South
African biocontrol programme has been estimated at ZAR840 million for fire-
adapted trees, ZAR104 billion for invasive Australian trees, ZAR37 billion for
succulents and ZAR2.5 billion for subtropical woody shrubs (1 US$ ¼ ZAR7.7 in
January 2010; de Lange and van Wilgen 2010). It was also estimated that by 1998,
biocontrol agents present in South Africa had already reduced the financial costs of
mechanical and chemical control by more than 20 % (Versfeld et al. 1998).
While no single management model will fit all situations, similar kinds, or a
combination of approaches, may provide useful for specific cases. The South
136 L.C. Foxcroft et al.
African Working for Water model, while successful in a country focusing on
creation of employment opportunities linked to water conservation, is unlikely to
be successful in other areas where national needs, as well as available budgets, are
different. In certain circumstances implementation of local scale projects may
prove more successful for a specific PA, especially if the actions provide beneficial
spinoffs for the related community. However, if control initiatives are to be
successful in the long-term, stakeholder support from the level of local communi-
ties to national government is essential.
7.5 Conclusions
An assessment of regional contributions to invasion ecology science found a low
representation of developing countries with Asia and Africa (with the exception of
South Africa) severely understudied (Pyšek et al. 2008). In a literature review of
ecology and biodiversity conservation, only 15.8 % of all published papers related to
alien species had authors fromdeveloping countries, and only 6.5%had authors solely
from developing countries (Nuñez and Pauchard 2010).
The clear lack of information on plant invasions in PAs across much of the
continent is a critical shortfall in the long-term security of increasingly important
biodiversity rich areas. The examples of the more data rich areas do however
provide examples of approaches that may be adopted and modified elsewhere,
reducing some of the need for costly and time-consuming relearning. Trends
indicate that as further surveys are conducted in other PAs and sampling intensity
is increased, the number of species and distribution is likely to be substantially more
than currently estimated. If Africa’s unique ecosystems and biodiversity are to be
safeguarded in the long-term, substantial work needs to be done to collect this
information, which is essential to the design and implementation of control
programmes. However, as with most countries (especially developing countries in
Africa), the scarcity of resources is likely to inhibit any large scale, long-term
management, and innovative approaches will be required. Although little research
has been carried out in Africa’s PAs, the work that has been done has revealed that
the selected biodiversity indicators and other ecosystem properties are being
impacted upon. However, Africa’s PAs offer many opportunities for science that
can both develop a basic understanding of invasion biology and contribute directly
to real world management problems.
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